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Abstract 
Bi-layer nanostructures of WO3 (~100 nm and 150 nm) with a very thin film of palladium (Pd~10 nm) on the top, have been 
studied for hydrogen gas-sensing application at ~700C and medium hydrogen concentrations (1 – 4%) in air. The structures were 
obtained by vacuum deposition (first the WO3 and then the Pd film) onto a LiNbO3 Y- cut Z-propagating substrate and were 
tested by means of Surface Acoustic Wave method in a three channel delay line configuration. Very repeatable results have been 
observed for these two nanostructures with  changes in frequency on the level of 500 to 1800 Hz for hydrogen concentration from 
1 to 4 % in air. The absolute response value depends on the WO3 film thickness and hydrogen gas concentration and is greater for 
the nanostructure with a thicker WO3 film. 
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1. Introduction 
Thin single films of Pd and WO3 do not present sufficient sensitivity in the SAW sensor towards hydrogen 
molecules [1,2]. In the last paper [2] the bi-layer structure with 50 nm of WO3 and 18 nm of Pd has been tested 
towards hydrogen concentration. The motivation for present work is to investigate the bi-layer sensor nanostructures 
with thicker WO3 films (100 and 150 nm) and the thinner palladium (Pd) film (10 nm) in order to obtain greater 
frequency shifts and faster response.   
The main purpose for using a bi-layer nanostructure of a semiconductor - metal type in a SAW system is the 
possibility of utilizing it in acousto-electric interactions. In the case of a single film of WO3 (with low surface 
electrical conductivity) and Pd (high surface conductivity) the “work point” in the acousto-electric characteristic is 
in the region of low sensitivity, where even great changes in conductivity do not cause significant changes in SAW 
velocity.  The application of a bi-layer concept creates possibilities for shifting the “work point” to the high 
sensitivity region with medium conductivity – between the low and high values. In this region even small changes in 
conductivity cause great changes in SAW velocity, see Fig.1.Consequently, even small changes in SAW velocity 
(followed by interaction of sensor nanostructures with gas molecules) cause great changes in oscillation frequency. 
  
* Corresponding author. Tel.: +48- 32 -2371315; fax:+48-32-2372216. 
 E-mail address: wjakubik@polsl.pl. 
Procedia 
Chemistry  
1876-6196/09     © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.050
Procedia Chemistry  1 (2009)  200–203 
Open access under CC BY-NC-ND license.
  
 
 
 
 
 
Fig.1. The theoretical dependence of relative changes of SAW velocity and attenuation vs. the normalised surface conductivity σs ,                          
where  σs = v0Cs = 1.6 x 10-6 [Ω-1] for LiNbO3 Y – Z (v0 is unperturbed SAW velocity, Cs is the sum of the piezoelectric substrate and 
environment permittivities). 
The acoustoelectric parameter, defined as ξ = σs /v0Cs, can be additionally measured by the electrical planar 
method [3]. The results for various single and bilayer nanostructures are shown in Table 1, where Pc means 
phthalocyanine film. The acoustoelectric parameter is closest to the number 1 for the bilayer structure WO3 + Pd     
(ξ = 0.46). Consequently, the acoustoelectric interaction can be observed most effectively just for this nanostructure. 
A bilayer nanostructure of the semiconductor – metal type, is always increasing its electrical surface conductivity. 
For the materials in Table 1 this electrical conductivity is increasing between three to five orders of magnitude. 
Table 1.  Electrical surface conductivity of the single and bi-layer nanostructures of various materials at room temperature 
Single or bilayer 
nanostructure 
Thickness [nm] σs  [Ω-1] Parameter ξ 
Palladium 20 1,85* ~105 
CoPc 200 3 x 10-14 1,9 x10-8 
CoPc+Pd 200+20 1x10-11 1x10-5 
WO3 50 4,2x10-7 2,6 x10-1 
WO3 + Pd 50+18 7,4x10-7 4,6 x10-1 
CuPc+Pd 100+18 8,8x10-8 5,5x10-2 
CuPc+Pd 200+18 2,4 x10-10 1,5 x10-4 
H2Pc 160 1,6x10-14 1x10-8 
H2Pc+Pd 160+27 5,5x10-9 3,4x10-3 
NiOx+Pd 60+18 3x10-11 1,9x10-5 
* Estimated value for the bulk palladium conductivity σ Pd = 9,26 x 10-6 [1/Ωm] at 250C. 
2. Experimental 
The investigated WO3 layers were made by means of the vacuum sublimation method (~1x10-5 mbar), using a 
special aluminium mask. The vapour source consisted of commercially available WO3 powder (Fluka 99.9%) and a 
molybdenum heater.  The average growing velocity of the film was about 1.5 nm/s and the temperature slightly 
exceeded 10000C. A copper-constantan thermocouple was used to control the temperature. The thin palladium (Pd) 
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 layer (about 10 nm) was made separately by means of vapour deposition in high vacuum, and after the deposition of 
the WO3 film in a new process. 
The experimental set-up is based on frequency changes in a surface acoustic wave 4-channel delay line system. 
This set-up is schematically shown in Fig.2. The total flow rate of 500 ml/min was used during all of the 
measurements. The volume of the measuring chamber was about 30 cm3. The sensor sample was tested in a 
computer-controlled system. Gases of 1 to 4 % of hydrogen in air and synthetic dry air were mixed using mass flow 
controllers (Bronkhorst Hi-Tech). The temperature was measured using a Pt 100 thermoresistor adjacent to the 
sensor structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The experimental set-up. 
3.  Results 
The obtained results, for the 3-channel sample, towards hydrogen detection are shown in Fig.3 and 4. 
Unfortunately, the channel with the thinnest WO3 film did not work properly, so we show the results for the 2-
channel only.        
 
Fig. 3.  a) interaction of the two nanostructures of WO3 and Pd with hydrogen at 700C, b) the sensitivity characteristics of the two nanostructures 
of WO3 and Pd towards hydrogen at 700C. 
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 Changes of the differential frequency, defined as δ(∆f) =  ∆f (hydrogen) – ∆f (air), versus the investigated 
hydrogen concentration in dry air at 700C are shown in Fig.3b. The differential frequency increases proportionally 
(almost linearly) to the hydrogen concentration. The repeatability of the two investigated nanostructures is shown in 
Fig.4. We can observe quite good repeatability with gas dosing without regeneration cycles. The sensitivity is quite 
similar to those with regeneration cycles, see Fig.3b. 
 
 
 
 
 
 
 
Fig. 4.  Interaction of the two nanostructures of WO3 and Pd with hydrogen at 700 without regeneration cycles in air. 
4. Summary  
The two nanostructures of WO3 and Pd have been tested in SAW 3-channel sensor system. These structures have 
good stability, repeatability and short response times to the medium hydrogen concentration in dry synthetic air at 
the low interaction temperature of 70 0C. The absolute response value depends on the WO3 film thickness and 
hydrogen gas concentration and is greater for the nanostructure with a thicker WO3 film. 
The SAW method can be successfully applied to the thin film nanostructures, even with  high electric resistance. 
When the structures have the acoustoelectric parameter close to the number 1, then we can use the strong 
acoustoelectric interaction. The AE interaction can be much greater than the normally used mass effect which is 
based on the mass loading of the acoustic path. More investigations should be made to control more strictly the AE 
parameter for thin film nanostructures and proper oscillations in the acoustic loops of the experimental set-up. 
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